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PROCESS 

This invention relates to a process for the 
production of ethyl acetate. 

Ethyl acetate is a relatively expensive bulk 
5 chemical which is conventionally produced by 

esterif ication of acetic acid with ethanol according to 
equation (1) : 

CH3.CO.OH + CH 3 CH 2 OH = CH 3 .CO.O.CH 2 .CH 3 + H 2 0 (1). 

Because this reaction does not tend to lead to 
^ formation of by-products which have boiling points close 

to that of ethyl acetate, recovery of substantially pure 
ethyl acetate from the esterif ication product mixture is 
usually not complicated by the presence of by-products of 
the esterif ication reaction. 
15 Some other methods which have been proposed for the 

conversion of ethanol to ethyl acetate, however, tend to 
lead to formation of by-products, notably 11-butyraldehyde 
and butan-2-one, which have boiling points close to that 
of ethyl acetate and hence make the recovery of 
20 substantially pure ethyl acetate from the resulting 

reaction product mixtures more difficult than from 
esterif ication reaction mixtures. These methods include 
dehydrogenation of ethanol, oxidation of ethanol, reaction 
of ethanol with acetaldehyde , and oxidation of ethanol to 
25 acetaldehyde followed by the Tischenko reaction. 

Ethyl acetate can be produced from acetaldehyde 
according to the Tischenko reaction given in equation (2) : 

2CH3.CHO = CH 3 .CO.O.CH 2 .CH 3 (2) . 

It is also possible to produce ethyl acetate from 
"30 ethanol by dehydrogenation according to equation (3) : 

2CH 3 .CH 2 .OH = CH 3 .CO.O.CH 2 .CH 3 + 2H 2 (3). 

According to China Chemical Reporter, 26 March 1996, 
a plant with a capacity of 5000 tonnes per annum for 


production of ethyl acetate by dehydrogenation of ethanol 
has been constructed at Linshu Chemical Fertilizer Plant 
of Shandong using a catalyst developed by Qinghua 
University. 

5 Ethanol is produced in large quantity by a variety 

of processes, including hydration of ethylene, the Fischer 
Tropsch process, or as a fermentation product. The purity 
of the ethanol often depends upon the method used for its 
production. For example, although hydration of ethylene 

10 yields a substantially pure ethanol product, the Fischer 

Tropsch process yields also a number of by-products which 
are troublesome to remove from the ethanol product. In 
the case of fermentation, the ethanol product is obtained 
as an aqueous solution which may also contain by-products 

15 whose removal from the ethanol is difficult. 

In certain circumstances ethanol may be available in 
excess capacity, whilst acetic acid is not readily 
available in the necessary quantity. Accordingly, there 
are many reasons why, particularly in countries having a 

20 relative abundance of ethanol with respect to acetic acid, 

it is commercially interesting to produce ethyl acetate 
from ethanol, acetaldehyde or a mixture thereof. 

Catalytic dehydrogenation of alcohols with reduced 
copper under ultra violet light was described by S. 

25 Nakamura et al, in Bulletin of the Chemical Society of 

Japan (1971), Vol. 44, pages 1072 to 1078. 

K. Takeshita et al described reduced copper 
catalysed conversion of primary alcohols into esters and 
ketones in Bulletin of the Chemical Society of Japan, 

-36 (1970) — Vol. 51(9), pagco 2622 to 2627. Thooe authorc 

mention that the mechanism for ester formation has been 
described in the literature as the Tischenko reaction. 
That is to say that dehydrogenation of ethanol yields 


acetaldehyde as an intermediate which combines according 
to the Tischenko reaction to produce ethyl acetate. 
Alternatively, or as well, 1 mole of ethanol may combine 
with 1 mole of acetaldehyde to yield 1 mole of ethyl 
5 acetate and 1 mole of hydrogen according to equation (4) : 

CH 3 CH 2 OH + CH3.CHO = CH 3 .CO.O.CH 2 .CH 3 + H 2 (4) . 

US-A-4996007 teaches a process for the oxidation of 
primary alcohols to aldehydes, acids and esters, 
particularly to aldehydes. In this process a primary 
^ alcohol is contacted, together with molecular oxygen, with 

a catalyst selected from ruthenium, rhodium, platinum, 
palladium, rhenium and mixtures thereof, optionally a 
quaternary C x to C 20 alkyl ammonium cocatalyst, and as 
oxygen activator dihydrodihydroxynaphthalene , 
15 dihydrodihydroxyanthracene or a mixture thereof. The 

product aldehydes, acids and esters are then separated 
from the reaction mixture. 

In US-A-4220803 catalytic dehydrogenat ion of ethanol 
for the production of acetaldehyde and acetic acid using a 
20 supported copper oxide essentially free of barium is 

proposed. 

A silver-cadmium alloy catalyst has been suggested 
for use in production of alkyl alkanoate esters, by 
contacting a primary alkanol in the vapour phase with the 
25 catalyst at a temperature of between about 2 50°C and 60 0°C, 

in US-A-40542424 . 

In US-A-4440946 there is described a process for 
producing a carboxylate ester which comprises contacting a 
mixture of alcohol and aldehyde in the vapour phase with a 
~30 coprecipitate composition comprising s 1 l ver - c aamium -zinc- 

zirconium which is substantially in the free metal form. 

Use of the Tischenko reaction for the production of 
mixed esters from aldehydes is described in US-A-3714236 . 


US-A-5334751 teaches production of ethyl acetate by 
reaction of ethanol and oxygen in the presence of a solid 
catalyst that contains crystalline TiP 2 0 7 and has the 
formula Pd a M b TiP c 0 7 , where M is Cd, Au, Zn, Tl, or an alkali 
5 metal or alkaline earth metal, a is 0.0005-0.2, b is 0.3a, 

c is 0.5-2.5, x has a value to satisfy the valencies, and 
Ti and P of the crystalline TiP 2 0 7 represent part of the 
crystalline TiP 2 0 7 . 

BR-A-91/04652 teaches pre- treatment of a palladium 

10 on a silica carrier catalyst for production of ethyl 

acetate by direct oxidation of ethanol with air. 

Production of esters from primary alcohols by 
dehydrogenation using bromous acid or a salt thereof in 
acid medium is described in JP-A-59/025334 . 

15 In SU-A-362814 there is described a process for 

production of ethyl acetate by dehydrogenation of ethanol 
at 180°C to 300°C in the presence of a copper catalyst 
containing zinc as an activator with an ethanol feed rate 
of 2 50 to 700 litres per litre of catalyst per hour. 

20 The dehydrogenation of ethanol to form ethyl acetate 

is described in GB-A-287846. This proposes use of a 
dehydrogenating agent, such as a copper catalyst, a 
temperature of from 250°C to 500°C, and a pressure of more 
than 10 atmospheres (1.013 x 10 6 Pa) . 

25 Vapour phase contact of ethanol at a temperature 

above its critical temperature with a catalyst comprising 
copper and a difficultly reducible oxide, such as zinc 
oxide or manganese oxide, is proposed in GB-A-312345, use 
of a temperature of 375°C and a pressure of 4000 psi 

-30 (27,58 Mpa) — being suggested ■ 

GB-A-470773 teaches a process for conversion of 
ethanol to ethyl acetate by dehydrogenating ethanol over a 
catalyst consisting of a reduced metal, for example, 
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copper on infusorial earth with 10% uranium oxide as 
promoter, maintained at a temperature of 220 °C to 260°C / 
removing by condensation some of the gas -vapour product 
rich in hydrogen resulting from the reaction, and 
5 returning the gaseous remainder rich in hydrogen to the 

catalysing zone . 

EP-A- 0151886 describes a process for the preparation 
of C 2+ esters of alkyl carboxylic acids from C 2+ primary 
alcohols which comprises contacting a vaporous mixture 
containing a primary C 2+ alkanol and hydrogen in an 
a 1 kano 1 : hydrogen molar ratio of from 1:10 to about 10 00:1 
at a combined partial pressure of alkanol and hydrogen of 
from about 0.1 bar (10 3 Pa) up to about 40 bar (4 x 10 6 Pa) 
and at a temperature in the range of from about 180°C to 
15 about 300°C in a catalytic reaction zone with a catalyst 

consisting essentially of a reduced mixture of copper 
oxide and zinc oxide, and recovering a reaction product 
mixture containing a primary C 2+ alkyl ester of an alkyl 
carboxylic acid which ester contains twice as many carbon 
20 atoms as the primary C 2+ alkanol . 

In EP-A-0201105 there is described a method for 
converting primary alcohols, such as ethanol, to their 
corresponding alkanoate esters which involves the 
regulation of the mole feed ratio of hydrogen gas to 
25 alkanol in the reaction zone of a copper chromite 

containing catalyst . 

One method of separating ethyl acetate from ethanol 
and water involves extractive distillation with an 
extractive agent comprising polyethylene glycol and 
~5C dipropylene glycol , diethylene glycol, or triethylene 

glycol as described in US-A-4569726 or with an extractive 
agent containing dimethyl sulphoxide as described in 
US-A-4379028 . 
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Separation of ethyl acetate from a composition 
comprising ethyl acetate, ethanol and water is disclosed 
in JP-A-05/186392 by feeding the composition to a 
distillation column to obtain a quasi-azeotropic mixture 
5 comprising ethyl acetate, ethanol and water, condensing 

it, separating the condensate into an organic layer and an 
aqueous layer, returning the organic layer to the column, 
and recovering ethyl acetate as a bottom product from the 
column. 

10 It would be desirable to provide an improved 

commercial method of upgrading ethanol to ethyl acetate, a 
more valuable product, particularly where there is an 
over-capacity for ethanol. It would also be desirable to 
provide a novel route to high purity ethyl acetate which 

15 obviates the need for a separate acetaldehyde or acetic 

acid plant. It would further be desirable to provide a 
process for the production of substantially pure ethyl 
acetate directly from ethanol without the need to convert 
part of the ethanol feedstock to acetaldehyde or to acetic 

20 acid. Additionally it would be desirable to provide a 

route to ethyl acetate by dehydrogenation of ethanol which 
is capable of yielding high purity ethyl acetate from 
ethanol feed streams containing significant amounts of 
impurities . 

25 One particular problem in production of ethyl 

acetate by dehydrogenation of ethanol is that the reaction 
product mixture tends to be a complex mixture including 
esters, alcohols, aldehydes and ketones. The reaction 
mixture can be even more complex when the ethanol feed 

-36 contains impuriti e s ■ The r e action product mixture s 

contain components with boiling points close to ethyl 
acetate (such as n-butyraldehyde and butan-2-one) , 
including components which can form azeotropes with ethyl 
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acetate, and/or other components of the mixture. This is 
a particular problem when high purity ethyl acetate is 
desired- Another problem is that water present in the 
feed ethanol or produced as a by-product during 
5 dehydrogenation has a deactivating effect on 

dehydrogenation catalysts so that any recycle to the 
dehydrogenation reactor of unconverted ethanol should 
desirably contain only a low level, if any, of water. 

The present invention accordingly seeks to provide a 
novel process for production of ethyl acetate from 
ethanol, enabling production of ethyl acetate at a 
relatively low cost and involving simple plant. Another 
object of the present invention is to provide an improved 
process for the production of high purity ethyl acetate 

15 from ethanol, or from a feedstock comprising a major 

proportion of ethanol and a minor proportion of impurities 
such as iso -propanol . 

According to the present invention there is provided 
a process for the production of ethyl acetate which 

20 comprises : 

(a) converting a C 2 feedstock comprising ethanol to ethyl 
acetate in an ethyl acetate production zone by a procedure 
selected from: 

( i ) dehydr ogenat ion , 
25 <ii) oxidation, 

(iii) reaction with acetaldehyde, and 

(iv) oxidation to acetaldehyde followed by 
the Tischenko reaction; 

(b) recovering from the ethyl acetate production zone an 
30 intermediate reaction product mixture comprising hydrogen 

and liquefiable products comprising ethyl acetate, 
ethanol, and by-products containing reactive carbonyl 
groups; 


• 
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(c) contacting at least a portion of the liquefiable 
products of the intermediate reaction product mixture with 
a selective hydrogenation catalyst in the presence of 
hydrogen in a selective hydrogenation zone maintained 
5 under selective hydrogenation conditions effective for 

selective hydrogenation of by-products containing reactive 
carbonyl groups thereby to hydrogenate said by-products 
selectively to hydrogenated by-products comprising 
corresponding alcohols ; 
10 (d) recovering from the selective hydrogenation zone a 

selectively hydrogenated reaction product mixture 
comprising ethyl acetate, ethanol, hydrogen and 
hydrogenated by-products; 

(e) distilling material of the selectively hydrogenated 
15 reaction product mixture in one or more distillation zones 

so as to produce a first composition comprising 
substantially pure ethyl acetate and a second composition 
comprising ethanol and water ; 

(f ) treating the second composition of step (e) to 
20 separate water therefrom and yield a third composition 

comprising ethanol with a reduced water content; and 

(g) recovering the third composition of step (f ) . 

In step (a) of the process of the invention the C 2 
feedstock is converted to ethyl acetate by (i) 
25 dehydrogenation, (ii) oxidation, (iii) reaction with 

acetaldehyde, or (iv) oxidation to acetaldehyde followed 
by the Tischenko reaction. In all of these processes by- 
products of the reaction include C 4 compounds having 
boiling points which are close to that of ethyl acetate 

-50 (b.p. 77.1°C) — and henc e giv e ri se to problem s i n 

purification of the ethyl acetate product. Notable 
amongst these by-products are butane-2-one (b.p. 79.6°C) 
and n-butyraldehyde (b.p. 75.7°C). Such by-products are 


not produced in the course of production of ethyl acetate 
by esterif ication of ethanol with acetic acid. 

The C 2 feedstock used in step (a) comprises ethanol 
which has been produced by hydration of ethylene, by the 
5 Fischer Tropsch process, or by fermentation of a carbohydrate 
source, such as starch. It may alternatively be a byproduct 
of another industrial process. It may contain, besides 
ethanol, minor amounts of water as well as small amounts of 
impurities resulting from byproduct formation during its 

10 synthesis. If the C 2 feedstock includes recycled unreacted 
ethanol, then any by-products formed in the dehydrogenation 
step which are contained in the recycled ethanol will also 
contribute to the level of by-products present in the C 2 
feedstock. Impurities present in the C 2 feedstock may 

15 include, for example, higher alcohols such as n-propanol , 
iso -propanol . n-butanol and sec -pent anol ; ethers, such as 
diethyl ether, and di-is^- propyl ether; esters, such as iso - 
propyl acetate, sec -butyl acetate and ethyl butyrate; and 
ketones, such as acetone, butan-2-one, and 2-pentanone. At 

20 least some of these impurities can be difficult to remove 

from ethyl acetate, even when they are present in quantities 
as low as about 0.1 mol % or less, by traditional 
distillation procedures because they have boiling points 
which are close to that of ethyl acetate and/or form constant 

25 boiling mixtures therewith. 

In step (a) the C 2 feedstock may be subjected to 
dehydrogenation according to equation (3) above. In this 
case the C 2 feedstock can be converted to ethyl acetate by a 
dehydrogenation procedure which comprises contacting a 

30 vaporous mixture containing ethanol and hydrogen with a 

dehydrogenation catalyst in a dehydrogenation zone maintained 
under dehydrogenation conditions effective for 
dehydrogenation of ethanol to yield ethyl acetate. 


10 

Typical dehydrogenation conditions include use of an 
ethanol -.hydrogen molar ratio of from about 1:10 to about 
1000:1, a combined partial pressure of ethanol and hydrogen 
of up to about 50 bar (5 x 10 6 Pa) , and a temperature in the 
5 range of from about 100 °C to about 260°C. 

Preferably the combined partial pressure of ethanol and 
hydrogen ranges from about 3 bar (3 x 10 s Pa) up to about 50 
bar (5 x 10 6 Pa) , and is more preferably at least 6 bar (6 x 
10 s Pa) up to about 3 0 bar (3 x 10 6 Pa) , and even more 
10 preferably in the range of from about 10 bar (10 6 Pa) up to 

about 20 bar (3 x 10 s Pa), for example from about 12 bar (1.2 
x 10 s Pa) to about 15 bar (1.5 x 10 6 Pa) . 

Dehydrogenation is preferably conducted in the 
dehydrogenation zone at a temperature of from about 200 °C to 
15 about 250°C, preferably at a temperature in the range of from 
about 210°C to about 240 o C, even more preferably at a 
temperature of about 220°C. 

The ethanol : hydrogen molar ratio in the vaporous 
mixture fed into contact with the dehydrogenation catalyst 
20 usually will not exceed about 400:1 or about 500:1 and may be 
no more than about 50:1. 

The dehydrogenation catalyst is desirably a catalyst 
containing copper, optionally in combination with chromium, 
manganese, aluminium, zinc, nickel or a combination of two or 
25 more of these metals, such as a copper, manganese and 

aluminium containing catalyst. Preferred catalysts comprise, 
before reduction, copper oxide on alumina, an example of 
which is the catalyst sold by Mallinckrodt Specialty 
Chemicals, Inc., under the designation E408Tu, a catalyst 

~~50 which contains 8% by weight ul alumina. QLlibii. jjiuferi - ed 

catalysts include chromium promoted copper catalysts 
available under the designations PG85/1 (Kvaerner Process 
Technology Limited) and CU0203T (Engelhard) , manganese 
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promoted copper catalysts sold under the designation T44 8 9 
(Slid Chemie AG) , and supported copper catalysts sold under 
the designation D-32-J (Slid Chemie AG) . E408Tu is a 
particularly preferred dehydrogenation catalyst. 
5 In the dehydrogenation step the rate of supply of the C 2 

feedstock to the dehydrogenation zone typically corresponds 
to an ethanol liquid hourly space velocity (LHSV) of from 
about 0 . 5 hr _1 to about 1 . 0 hr" 1 . 

Hydrogen is produced as a result of the dehydrogenation 
10 reaction and can be recycled to the dehydrogenation zone from 
downstream in the process. The hydrogen can be substantially 
pure hydrogen or can be in the form of a mixture with other 
gases that are inert to the C 2 feedstock and to the 
dehydrogenation catalyst. Examples of such other gases 
15 include inert gases such as nitrogen, methane and argon. 

In the dehydrogenation zone, side reactions may also 
occur, including formation of water. It is postulated that 
such side reactions include formation of acetaldehyde which 
in turn can undergo aldol formation, followed by dehydration 
20 to form an unsaturated alcohol and water. These reactions 
can be summarised thus : 

CH 3 CH 2 OH = CH 3 CHO + H 2 (5) 

2CH3CHO = CH 3 CH(OH) CH 2 CHO (6) and 

CH 3 CH(OH) CH 2 CHO = CH 3 CH=CHCHO + H 2 0 (7). 
25 The crotonaldehyde produced by equation (7) can then 

undergo hydrogenation to form n-butanol thus: 

CH 3 CH=CHCHO + H 2 = CH 3 CH 2 CH 2 CH 2 OH (8). 
Other side reactions which release water as a by-product 
include formation of ketones, such as acetone and butan-2- 
30 one, and formation of ethers, such as diethyl ether. 

It is alternatively possible to subject the C 2 feedstock 
to oxidation in order to effect production of ethyl acetate 
as taught by US-A-5334751 or by US-A-4996007 . 
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Alternatively the C 2 feedstock can be passed in 
admixture with air over a palladium on a silica carrier 
catalyst thereby to produce ethyl acetate by direct oxidation 
of ethanol with air as taught by BR-A-91/04652 . 
5 Yet another method of effecting oxidation of the C 2 

feedstock so as to produce ethyl acetate is to use bromous 
acid or a salt thereof in acid medium as described in JP-A- 
59/025334. 

Yet another method of converting the C 2 feedstock to 

10 ethyl acetate is to react it with acetaldehyde to yield ethyl 
acetate and hydrogen according to equation (4) above. 

Still another method of converting the C 2 feedstock to 
ethyl acetate involves oxidation of ethanol to acetaldehyde, 
for example by the process of US-A-4220803 , followed by 

15 conversion of the acetaldehyde product to ethyl acetate by 
the Tischenko reaction of equation (2) above. Typical 
Tischenko reaction conditions are set out in US-A-3714236 . 
Again water can be a by-product of this reaction, being 
formed, it is postulated, by equations (6) and (7) above. 

20 In step <b) of the process of the invention there is 

recovered from the ethyl acetate production zone an 
intermediate reaction product mixture comprising hydrogen and 
liquefiable products comprising ethyl acetate, ethanol, 
water, and by-products containing reactive carbonyl groups. 

25 This step can be effected in any convenient manner and may 

include a condensation step in order to condense liquefiable 
products present in the intermediate reaction product 
mixture. Alternatively the intermediate reaction product can 
be passed directly to step (c) without any intermediate 
"30 condensation step. 


A range of undesirable by-products may be present in 
the intermediate reaction product mixture, some of which 
would cause separation problems if the intermediate reaction 
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product mixture were to be directly refined because their 
boiling points are close to that of ethyl acetate or because 
they form azeotropes with ethyl acetate whose boiling point 
is close to that of ethyl acetate. Such by-products may be 
5 present in the C 2 feedstock or may be produced in step (c) . 
Problematical by-products are aldehydes and ketones, such as 
II- but yr aldehyde and butan-2-one. In order to avoid problems 
due to the presence of such by-products in the distillation 
step (e) , even in amounts as small as about 0.1 mol % or 

10 less, e.g. about 0.01 mol % or less, the problematical by- 
products are substantially removed as a result of the 
selective hydrogenation step (c) . Accordingly, liquef iable 
products present in the intermediate reaction product mixture 
of step (b) are reacted in step (c) with hydrogen over a 

15 suitable selective hydrogenation catalyst. The catalyst type 
and reaction conditions are chosen so that aldehydes and 
ketones are hydrogenated to their respective alcohols, while 
hydrogenation of ethyl acetate is minimal. Among aldehyde 
and ketone by-products which may be present, butan-2-one and 

20 ii-butyraldehyde, in particular, would otherwise cause 

problems in any subsequent distillation. These compounds are 
hydrogenated in the selective hydrogenation zone in step (c) 
to the corresponding alcohols, i.e. 2-butanol and n-butanol 
respectively, which can be readily separated from ethyl 

25 acetate by distillation. 

The mixture supplied to the selective hydrogenation 
zone in step (c) contains, in addition to ethanol, hydrogen 
either alone or in admixture with one or more inert gases 
that are inert to the reactants and catalysts in the 

30 selective hydrogenation step (c) of the process of the 

invention. Examples of such inert gases have been given 
above. The source of the hydrogen used in the selective 
hydrogenation step (c) may be hydrogen formed in the 
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dehydrogenation step and may include gas recycled from the 
downstream end of the selective hydrogenation zone. 

The selective hydrogenation step (c) is typically 
conducted at a temperature of from about 20 °C to about 160 °C, 
5 preferably at a temperature in the range of from about 4 0°C 

to 120°C, even more preferably at a temperature of about 6 0 °C 
to about 8 0°C. Typical selective hydrogenation conditions 
include use of a reaction product mixture : hydrogen molar 
ratio of from about 1000:1 to about 1:1, preferably from 

10 about 100:1 to about 5:1, for example about 20:1. 

The combined partial pressure of liquefiable products 
and hydrogen in the selective hydrogenation zone typically 
lies in the range of from about 5 bar (5 x 10 5 Pa) up to about 
80 bar (8 x 10 6 Pa) , and is even more typically from about 25 

15 bar (2.5 x 10 € Pa) to about 50 bar (5 x 10 6 Pa) . 

The selective hydrogenation catalyst used in step (c) 
of the process of the invention is selected to have good 
activity for hydrogenation of reactive carbonyl containing 
compounds, but relatively poor ester hydrogenation activity. 

20 Suitable catalysts comprise metals selected from nickel, 
palladium and platinum. Ruthenium, supported on carbon, 
alumina or silica is also effective, as are other metal 
catalysts such as rhodium and rhenium. Preferred catalysts 
include nickel on alumina or silica and ruthenium on carbon. 

25 Particularly preferred catalysts include 5% ruthenium on 
carbon available from Engelhard. 

The rate of supply of liquefiable liquid products of 
the intermediate reaction product mixture to the selective 
hydrogenation zone depends upon the activity of the selective 

~30 hydrogenation catalyst but typically corresponds to a liquid 

hourly space velocity (LHSV) of from about 0.1 hr" 1 to about 
2.0 hr' 1 , preferably from about 0.2 hr' 1 to about 1.5 hr" 1 . 
When using, for example, a ruthenium on carbon catalyst the 
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LHSV may be from about 0.5 hr -1 to about 2.0 hr" 1 , for example 
from about 1.0 hr" 1 to about 1.5 hr" 1 . When using a nickel 
containing catalyst the LHSV may be, for example, from about 
0 . 3 hr" 1 to about 0 . 5 hr -1 . 


comprises recovering from the selective hydrogenation zone a 
selectively hydrogenated reaction product mixture comprising 
ethyl acetate, ethanol, hydrogen and hydrogenated by- 
products. Typically this includes a condensation step in 

10 order to separate liquefiable materials from a gaseous stream 
containing unreacted hydrogen which can be recycled for 
dehydrogenation or for selective hydrogenation. 

Step (e) of the process of the invention comprises 
distilling material of the selectively hydrogenated reaction 

15 product mixture in one or more distillation zones so as to 
produce a first composition comprising substantially pure 
ethyl acetate and a second composition comprising ethanol and 
water. In this step the material subjected to distillation 
typically has a water content of less than about 2 0 mol %, 

20 more usually not more than about 15 mol %. 

Ethanol, water and ethyl acetate form a minimum boiling 
ternary azeotrope upon distillation thereof. 

Step (e) may comprise an extractive distillation 
procedure as described in US-A-4569726 or in US-A-4379028 . 

25 Preferably, however, distillation is carried in step 

(e) by a procedure which takes advantage of the fact that the 
composition of the minimum boiling ternary azeotrope formed 
by ethanol, water and ethyl acetate depends upon the pressure 
at which distillation is effected. Hence a preferred 

30 distillation procedure comprises supplying material of the 

selectively hydrogenated reaction product mixture to a first 
distillation zone maintained under distillation conditions 
effective for distillation therefrom of a first distillate 
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Step (d) of the process of the present invention 
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comprising ethyl acetate, ethanol, and water, recovering a 
first distillate comprising ethyl acetate, ethanol, and water 
from the first distillation zone and a bottom product 
comprising ethanol and water, supplying material of the first 
5 distillate to a second distillation zone maintained under 

distillation conditions effective for distillation therefrom 
of a second distillate comprising ethanol, water, and ethyl 
acetate (typically a minor amount of ethyl acetate) and so as 
to yield a substantially pure ethyl acetate bottom product, 

10 and recovering a substantially pure ethyl acetate bottom 
product from the second distillation zone. The first 
distillation zone is preferably operated at a pressure less 
than about 4 bar (4 x 10 s Pa) , preferably from about 1 bar 
(10 s Pa) up to about 2 bar (2 x 10 s Pa) , while the second 

15 distillation zone is operated at a higher pressure than that 
of the first distillation zone, for example at a pressure of 
from about 4 bar (4 x 10 s Pa) to about 25 bar (2.5 x 10 6 Pa) , 
preferably from about 9 bar (9 x 10 5 Pa) to about 15 bar (15 x 
10 s Pa) . 

20 It can be shown that in this preferred distillation 

procedure the rate of flow of the first distillate from the 
first distillation zone to the second distillation zone and 
the corresponding flow rate from the second distillation zone 
to the first distillation zone of the second distillate can 

25 be minimised by operating one of the distillation zones so 
that the distillate has a composition very close to that of 
the ternary azeotrope at that pressure. However, in order to 
operate that zone so that the distillate has a composition 
close to that of the ternary azeotrope at its pressure of 

~3© operation, — a high degree ul separation is required which 

necessitates use of a column with many distillation trays and 
a high heat input. In addition, since water has the highest 
latent heat of vaporisation out of the three components of 
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the ternary azeotrope, the total heat input to the two zones 
can be minimised by minimising the water content of the feeds 
to the distillation zones. 

In addition to forming a ternary azeotrope, the three 
5 components of the ternary azeotrope can also form binary 
azeotropes with one of the other components. For example, 
ethanol forms a binary azeotrope with water and also with 
ethyl acetate. It is preferred to select a pressure of 
operation of the second distillation zone so that the binary 

10 azeotrope between ethanol and ethyl acetate at that pressure 
has a lower ethyl acetate content than the ternary azeotrope 
at that pressure and further to select a pressure of 
operation for the first distillation zone and to adjust the 
flow rates of the distillates between the first and second 

15 zones so that the first distillate has as low a water content 
as possible. In this way the second distillate recovered 
from the second distillation zone will have a low content of 
ethyl acetate . 

In the preferred distillation procedure an ethanol rich 
20 stream containing substantially all of the water in the 
selectively hydrogenated reaction product mixture is 
recovered from the bottom of the first distillation zone, 
while an overhead stream that contains "light" components 
present in the selectively hydrogenated reaction product 
25 mixture is recovered from the first distillation zone, and 

the first distillate comprises a liquid draw stream which is 
recovered from an upper region of the first distillation zone 
and which comprises ethyl acetate, ethanol, water and minor 
amounts of other components. By the term "light" components 
3D is meant components that have lower boiling points than ethyl 
acetate and its azeotropes with water and ethanol . The 
liquid draw stream typically contains less than about 10 mol 
% water. For example, it suitably comprises from about 1 mol 
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% to about 6 mol % water, from about 4 0 mol % to about 55 mol 
% ethyl acetate, not more than about 2 mol % minor products 
(preferably not more than about 1 mol % minor products) and 
the balance ethanol. Thus it may typically contain about 45 
5 mol % ethyl acetate, about 50 mol% ethanol, about 4 mol % 

water and about 1 mol % other components. This liquid draw 
stream is passed to the second distillation zone. The second 
distillate, with a typical composition of about 25 mol % 
ethyl acetate, about 6 8 mol % ethanol, about 6 mol % water, 

10 and about 1 mol % other components, is recovered as an 

overhead stream from the second distillation zone, while a 
bottom product comprising ethyl acetate is recovered from the 
second distillation zone which typically contains from about 
99.8 mol % to about 99.95 mol % ethyl acetate; this second 

15 distillate is returned to the first distillation zone, 

preferably at a point above the feed point of the liquefiable 
products of the selectively hydrogenated reaction product 
mixture . 

The overhead stream from the first distillation zone 
20 contains "light" components present in the intermediate 

reaction product mixture, such as diethyl ether, acetaldehyde 
and acetone. It can be burnt as a fuel. 

In step (f) of the process of the invention the ethanol 
rich stream recovered from the bottom of the first 
25 distillation zone is subjected to treatment for the removal 
of water therefrom thereby to produce a relatively dry 
ethanol stream which is suitable for recycle to step (a) , if 
desired. This ethanol rich stream will contain any 
"heavies", i.e. products, including unknown products, with 

-36 high boiling points compared to those of ethanol and ethyl 

acetate . These can be separated from the ethanol and water 
by distillation, if desired, prior to effecting removal of 
water from the resulting distillate. One suitable method for 


hi 
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removal of water from the ethanol rich stream or from the 
distillate resulting from w heavies" removal is molecular 
sieve adsorption. Azeotropic distillation with a suitable 
entrainment agent, such as benzene or cyclohexane, can 
5 alternatively be used. Membranes are currently under 
development which will enable separation of water from 
ethanol; these are reported to be nearly ready for commercial 
exploitation. Hence use of a membrane is another option 
available for separating water from the ethanol rich stream. 

10 Preferably the water content of the relatively dry 

ethanol produced in step (f) is less than about 5 raol %, and 
preferably less than about 2 mol % . 

In order that the invention may be clearly understood 
and readily carried into effect, a preferred form of plant 

15 for the production of ethyl acetate, and a process in 

accordance with the invention will now be described, by way 
of example only, with reference to the accompanying drawings, 
wherein: - 

Figure 1 is a flow diagram of a plant for the 
20 production of ethyl acetate constructed to operate a process 
in accordance with the invention; 

Figures 2 and 3 are triangular diagrams illustrating 
the boiling behaviour of ternary mixtures of ethanol, water 
and ethyl acetate at two different pressures. 
25 Referring to Figure 1 of the drawings, it will be 

appreciated by those skilled in the art that, since the 
drawing is diagrammatic, many conventional items of 
equipment, such as pumps, surge drums, flash drums, heat 
exchangers, temperature controllers, pressure controllers, 
30 holding tanks, temperature gauges, pressure gauges, and the 
like, which would be required in an operating plant, have 
been omitted for the sake of simplicity. Such items of 
equipment would be incorporated in an actual plant in 
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accordance with standard chemical engineering practice and 
form no part of the present invention. Moreover there are 
many ways of effecting heat exchange and the depiction of 
separate heat exchangers each with its own heating or cooling 
5 line does not necessarily mean that single heat exchanger 
units are necessary. Indeed in many cases it may be more 
practicable and economic to use two separate heat exchangers 
instead of one with a step change in temperature occurring in 
each. It is also practicable to use conventional heat 

10 recovery techniques so as to recover heat from, or to 

increase the temperature of, one stream by heat exchange with 
another stream of the plant . 

In the plant of Figure 1 a stream of crude ethanol is 
pumped to the plant from a suitable holding tank (not shown) 

15 in line 1 at a pressure of 16.2 bar absolute (16.2 x 10 s Pa) 
and at a temperature of approximately 3 0°C and is admixed 
with recycled material from line 2. The resulting mixture in 
line 3 is heated by means of heat exchanger 4 to a 
temperature of 166 °C thereby forming a vaporous stream which 

20 passes on in line 5 to be mixed with a stream of hydrogen 

from line 6. The resulting mixture passes on in line 7, is 
superheated in superheater 8 using high pressure steam, and 
exits it in line 9 at a pressure of 14.8 bar absolute (14.8 x 
10 s Pa) and at a temperature of 235°C. Line 9 leads to a 

25 first dehydrogenation reactor 10 which contains a charge of a 
reduced copper oxide catalyst. A suitable catalyst is that 
sold under the designation E4 08Tu by Mallinckrodt Specialty 
Chemicals, Inc. In passage through first dehydrogenation 
reactor 10 the mixture of ethanol and hydrogen is partly 

"50 convened by dehydioyexiaLiuu accuxdixug — Lo equation — (-3-) — ab o ve 

to form ethyl acetate. This dehydrogenation reaction is 
endothermic. 

The first intermediate dehydrogenation mixture exits 
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reactor 10 in line 11 at a temperature in the range of from 
2 05°C to 220 °C and is reheated in heater 12 under the 
influence of high pressure steam. The reheated mixture flows 
on in line 13 to a second dehydrogenation reactor 14 which 
5 also contains a charge of the same dehydrogenation catalyst 

as that in reactor 10. Further dehydrogenation of ethanol to 
ethyl acetate occurs in passage through second 
dehydrogenation reactor 14 . 

A second intermediate dehydrogenation mixture 

10 containing ethyl acetate, unreacted ethanol and hydrogen 

exits reactor 14 in line 15 and is reheated in reheater 16 
which is heated by means of high pressure steam. The 
reheated stream flows on in line 17 to a third 
dehydrogenation reactor 18 which contains a charge of the 

15 same dehydrogenation catalyst as is present in reactors 10 
and 14 . 

The resulting third intermediate reaction mixture flows 
on in line 19 to heat exchanger 2 0 which is also heated by 
means of high pressure steam. The reheated mixture passes on 
20 in line 21 to fourth dehydrogenation reactor 22 which 
contains a further charge of the same dehydrogenation 
catalyst that is loaded into the first, second and third 
dehydrogenation reactors 10 , 14 , and 18 . 

A crude product mixture exits fourth dehydrogenation 
25 reactor 22 in line 23, is cooled in passage through a heat 

exchanger 24, and emerges in line 25 at a temperature of 60°C 
and at a pressure of 11.3 bar (11.3 x 10 s Pa) absolute. 

The crude product mixture in line 25 comprises 
hydrogen, ethyl acetate, unconverted ethanol, water and minor 
~3U amounts ot impurities present eitner trom cone ammac ion in 


the feed or recycle streams or from side reactions in 
reactors 10, 14, 18 and 22. Examples of these impurities 
include iso-propanol , acetaldehyde , diethyl ether, methanol, 
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acetone, di-isQ-propyl ether, n-butyraldehyde, butan-2 -one , 
see-but anol, iso-propyl acetate, pentan-2-one, n-butanol, 
sec -pentanoL sec -butyl acetate, ethyl butyrate, n-butyl 
acetate and di -n-butyl ether. Of particular significance in 
5 relation to this invention are those impurities whose boiling 
points are close to that of ethyl acetate or which form 
azeotropic mixtures with ethyl acetate. These include 
ethanol, as well as certain carbonyl- containing compounds 
such as acetone, acetaldehyde and butan-2 -one. 
10 The crude mixture in line 25 flows into a knockout pot 

2 6 which is provided with a condenser (not shown) supplied 
with chilled coolant. The uncondensed gases, which are now 
at a temperature of -10°C, are recovered in line 27. A part 
of these gases is recycled in line 28 and compressed by means 

15 of gas recycle compressor 29 to a pressure of 15.5 bar (1.55 

x 10 6 Pa) absolute to form the gas stream in line 6 for supply 
to the first dehydrogenation reactor 10. Another part is 
taken in line 30 for a purpose which will be described 
hereunder. A purge stream is taken in line 31. 

20 The condensate is removed from knockout pot 26 in line 

32 and is pumped by a pump (not shown) to heat exchanger 33. 
The resulting re-heated liquid, now at a temperature of 60°C 
to 8 0°C, is fed via line 34 and mixed with a hydrogen- 
containing gas which is at a temperature of 119 °C and has 

25 been compressed by a second gas compressor 35 to a pressure 

of 43.1 bar (4.31 x 10 6 Pa) absolute so as to pass along line 
36. The resulting mixture flows on in line 3 7 into a reactor 

3 8 which contains a charge of a selective hydrogenation 
catalyst which is chosen so as selectively to hydrogenate 

butyraldehyde, butan-2 -one and the like, to the respective 
corresponding alcohols but not to effect any significant 
hydrogenation of ethyl acetate to ethanol . The inlet 
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temperature to reactor 3 7 is adjusted as necessary to a 
temperature in the range of from 6 0°C to 80 °C in dependance 
upon the degree of deactivation of the catalyst but is chosen 
to be as low as possible consistent with obtaining an 
5 acceptable reaction rate because the equilibrium is 

favourable at lower temperatures than at high temperatures . 
A preferred catalyst is 5% ruthenium on carbon available from 
Engelhard . 

The resulting selectively hydrogenated reaction product 

10 is now essentially free from reactive carbonyl compounds, 
such as aldehydes and ketones, and exits reactor 38, in 
admixture with unreacted hydrogen, in line 3 9 at a 
temperature of 70 °C to 90°C. This line leads to a lower part 
of a first distillation column 40 which is maintained at a 

15 pressure of 1.5 bar (1 x 10 5 Pa) absolute. A bottoms product 
is withdrawn from distillation column 40 in line 41. Part of 
this is recycled to distillation column through line 42, 
column reboiler 43 and line 44. The remainder is passed by 
way of line 45 to a purification section (or water removal 

20 package) 46 in which it is treated in any convenient manner 
for the removal of water (and possibly other impurities) 
therefrom so as to yield a stream of moderately dry ethanol 
for recycle to the first dehydrogenation reactor 10 by way of 
line 2. The precise design of water removal package 46 will 

25 depend upon the composition of the ethanol feed stream in 

line 1. The bottoms product in line 41 typically comprises 
mainly ethanol with minor amounts of, for example, iso- 
propanol, water, C 4+ alkanols, and traces of ketones, other 
esters and ethers . 

"30 An overhead stream, which typically comprises a major 

proportion of diethyl ether and lesser amounts of other 
ethers, methanol, ethanol, n-butyraldehyde , and alkanes, as 
well as traces of acetaldehyde , ethyl acetate, and water, is 
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recovered in line 4 7 and condensed by means of condenser 48. 
Uncondensed gases are purged in line 49, while the resulting 
condensate is recycled to the top of distillation column 3 8 
as a reflux stream in line 50. A side draw stream is taken 
5 from distillation column 4 0 in line 51 and pumped by a pump 
(not shown) to a second distillation column 52 which is 
maintained at an overhead pressure of 12 bar (1.2 x 10 6 Pa) 
absolute . 

From the bottom of distillation column 52 a stream 

10 comprising substantially pure ethyl acetate is recovered in 
line 53, part of which is recycled to a lower part of 
distillation column 52 by way of line 54, column reboiler 55, 
and line 56. The remainder forms the product stream in line 
57 from the plant; this can be taken to storage or further 

15 distilled in one or more further distillation columns, if 
desired, in order to remove minor amounts of iso-propyl 
acetate, di-propyl ether, and 1-ethoxybutane . 

An overhead product consisting mainly of ethanol, ethyl 
acetate and water, besides smaller amounts of 1-ethoxybutane, 

20 methanol, diethyl ether and di-propyl ether and traces of 
alkanes, is taken in line 58 and condensed by means of 
condenser 59 . The resulting condensate passes on in line 60 , 
some being recycled to the first distillation column by way 
of line 61 while the remainder is recycled as a reflux stream 

25 to the second distillation column 52 in line 62 . Reference 
numeral 63 indicates a line for recovery of water and other 
materials from water removal package 46. 

The compositions in mol % of some of the more important 
streams in the plant of Figure 1 are set out in Table 1 

30 below. 
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Figure 2 is a triangular diagram illustrating the 
distillation characteristics of mixtures of ethanol, water 
and ethyl acetate at 760 mm Hg (1.01 x 10 6 Pa) in which are 
plotted distillation lines for different mixtures of the 
5 three components. Figure 3 is a similar diagram 

illustrating the distillation characteristics of the same 
ternary system at 9308 mm Hg (12.41 x 10 6 Pa). It will be 
noted that there are significant differences between the 
distillation lines observed at different operating 
10 pressures. In Figure 2 the composition of a typical feed as (fy 
might be supplied in line 3 9 of the plant of Figure 1 is 
indicated by point A. Point B indicates the composition of 
the side draw stream in line 51 for this feed. Point C 
indicates the composition of the resulting bottom stream in 
15 line 41 and point D indicates the composition of the stream 
in line 61. The effective feed composition to column 40 
lies on the intersection of the straight line joining A and 
D with the straight line joining points B and C. In Figure 
3 the points B and D represents the same compositions as the 
20 corresponding points in the triangular diagram of Figure 2 . 

Point E represents the composition of the substantially pure 
ethyl acetate recovered in line 45 . 

The invention is further described in the following 
Examples . 
25 Examples 1 to 5 

These Examples investigated the dehydrogenation of 
ethanol to ethyl acetate in the presence of hydrogen. The 
apparatus used included a dehydrogenation reactor made of 
stainless steel tubing which contained a charge of reduced 
30 copper oxide catalyst and which was immersed in a hot oil 
bath for heating purposes. 

At start-up a charge of 2 00 ml of a tabulated copper 
oxide catalyst available under the designation E4 0 8Tu from 
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Mallinckrodt Specialty Chemicals was placed in the reactor 
which was then purged with nitrogen at 14.5 bar (14.5 x 10 s 
Pa) . A dilute H 2 in N 2 gaseous mixture at 3 bar (3 x 10 5 Pa) 
was passed over the catalyst for 60 hours in order to effect 
5 catalyst reduction. The oil bath was raised to the 

temperature indicated in Table 2 below. The gas feed was 
then changed to pure hydrogen. 

In operation hydrogen was introduced to the 
dehydrogenation reactor at a rate of 2 standard litres per 

10 hour by way of a pressure regulator and flow controller 

through a line which was immersed in the bottom of the oil 
bath. An ethanol stream whose composition is set out in 
Table 2 was fed as a liquid at a rate of 200 ml/hr to a 
vaporiser and mixed with the hydrogen. The resulting 

15 vaporous mixture of ethanol and hydrogen was supplied to the 
dehydrogenation reactor . 

The reaction products were cooled and the liquid 
condensate was analysed by gas chromatography. The results 
obtained are summarised in Table 2 . 
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TABLE 2 


10 


15 


20 


25 


Example No 

Feed 

1 

2 

3 

4 

5 

Temperature (°C) 

- 

225 

224 

224 

223 

224 

Pressure (bartflO 5 Pa] 

- 

4.53 

2.74 

7.91 

28.6 

47.0 

Product Analysis (wt%) 







Acetaldehyde 

0.007 

2.578 

5.317 

1.388 

0.114 

0.027 

Methanol 

0.064 

0.063 

0.087 

0.034 

0.013 

0.011 

Di-ethyl ether 

0.108 

0.133 

0.120 

0.139 

0.167 

0.185 

Ethanol 

95.093 

63.184 

66.778 

64.050 

67.236 

72.676 

Acetone 

0.007 

2.264 

2.883 

1.679 

0.630 

0.326 

isopropanol 

3.403 

1.582 

1.081 

2.114 

3.210 

3.511 

Di-iso-propyl ether 

0.116 

0.139 

0.134 

0.138 

0.136 

0.138 

n-butyraldehyde 

0 

0.012 

0.010 

0.006 

0.004 

0.005 

Ethyl acetate 

0.030 

25.605 

18.935 

27.087 

26.377 

21,107 

Butan-2-one 

0.005 

1.230 

1.655 

0.661 

0.074 

0.015 

sec-butanol 

0.004 

0.768 

0.543 

0.761 

0.360 

0.174 

iso-propyl acetate 

0 

0.184 

0.144 

0.040 

0.316 

0.318 

Pentan-2-one 

0 

0.316 

0.309 

0.233 

0.055 

0.010 

n-butanol 

0.097 

0.329 

0.410 

0.274 

0.203 

0.431 

sec-pentanol 

0 

0.138 

0.075 

0.180 

0.148 

0.087 

sec-butyl acetate 

0 

0.058 

0.037 

0.057 

0.052 

0.044 

Ethyl butyrate 

0 

0.132 

0.115 

0.093 

0.030 

0.075 

n-butyl acetate 

0 

0.123 

0.096 

0.086 

0.022 

0.076 

Water 

0.540 

0.789 

0.920 

0.660 

0.450 

0.460 

Others 

0.526 

0.373 

0.351 

0.320 

0.403 

0.324 

Total 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 
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Examples 6 to 9 

In these Examples the selective hydrogenation of 
reactive carbonyl compounds in the presence of ethyl acetate 
was investigated using a hydrogenation reactor constructed 
5 out of stainless steel which was immersed in a hot oil bath 
for heating purposes. 

In operation hydrogen was introduced by way of a 
pressure regulator and flow controller to the reactor which 
contained a charge of an Englehard 5% ruthenium on carbon 

10 granular catalyst. 

At start up a charge of 10 0 ml of the granular 
catalyst was placed in the reactor which was then supplied 
with hydrogen at a pressure of 7.9 bar (7.9 x 10 s Pa), and 
warmed to 180-200 °C from room temperature at a rate of 20 °C 

15 per hour. The reactor was held at 180-200°C for one hour 
and then cooled. At the end of this procedure the catalyst 
was fully reduced. 

Dehydrogenation reaction product mixture whose 
composition is set out under w Feed" in Table 3 was 

20 introduced to a heater at a rate of 13 0 ml/hr and admixed 
with 6 standard litres per hour of hydrogen prior to 
admission to the selective hydrogenation reactor. The 
reaction product was cooled and the liquid condensate was 
analysed by gas chromatography. The results are summarised 

25 in Table 3 . 
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TABLE 3 


Example No 

i eeo 

u 

7 

8 

g 

Reactor! emperature ( uj 


Q1 

AO 

72 

110 

Pressure (bar)[1Q Pa| 


14 9 

14 9 

14 4 

14 1 

Product Analysis {Wt%) 






Acetaldehyde 


ft ft*34 

U.UHU 

u.uoo 

o n?Q 

u.UOj 

Diethyl ether 

ft C7G 

ft A*)Q. 
U.4Z0 


n 417 

n 41 q 

Ethano! 

CO OOQ 

vft rwin 

7ft 191 
f\J. IZ I 

7fl 1fi^ 

I VJ.OU 1 

Acetone 

Z.£.oZ 

trace 

trace 

trace 


tsoprupanoi 

1.004 

3.232 

3.233 

3.213 

3.231 

DMso-propyl ether 

0.003 

0.098 

0.097 

0.097 

0.097 

n-butyraldehyde 

0.010 

trace 

trace 

trace 

trace 

Ethyl acetate 

23.263 

22.572 

22.464 

22.437 

22.396 

Butan-2-one 

0.170 

0.002 

0.004 

0.007 

0.003 

sec-butanol 

0.371 

0.567 

0.566 

0.560 

0.567 

iso-propyl acetate 

0.186 

0.185 

0.184 

0.184 

0.184 

n-butanoi 

0.507 

0.730 

0.770 

0.776 

0.570 

Water 

1.410 

1.170 

1.170 

1.200 

1.270 

Others 

1.088 

0.942 

0.933 

0.908 

0.923 

Total 

100.00 

100.00 

100.00 

100.00 

100.00 


Notes: The increased amount of n-butanol noted in Examples 
25 6 to 9 compared with the amount in the feed can be 

ascribed not only to n-butanol formed by 
hydrogenation of n-butyraldehyde present in the feed 
(the amount of which is, in any case, difficult to 
measure) but also from hydrogenation of other 
30 products which contain C 4 groups and which are 

included in the figure given for "others" in the 
feed. 
Examples 10 to 12 

The general procedure of Examples 6 to 9 was repeated 
using a different feed and different reaction conditions. 
The results are set out in Table 4 below. 


31 


TABLE 4 


Example No 

Feed 

10 

11 

12 

Reactor Temperature (°C) 

_ 

79 

98 

119 

Pressure (bar) [10 5 Pa] 

_ 

42 .6 

42.1 

42 .5 

Product Analysis (Wt%) 





Ac e t a 1 dehy de 

0.952 

0 . 006 

0 . 006 

0 . 006 

Diethyl ether 

0.030 

0 . 030 

0 . 029 

0.033 

Ethanol 

64 . 703 

65 . 930 

66 . 034 

65 . 627 

Acetone 

trace 

0 

0 

0 

i s o - propano 1 

0 . 022 

0.032 

0 . 035 

0 . 038 

2l-butyraldehyde 

trace 

0 

0 

0 

Ethyl acetate 

31 . 692 

31.410 

31.155 

31.409 

Butan-2-one 

0 .301 

trace 

trace 

0 .001 

sec - but ano 1 

0.487 

0.803 

0.806 

0 .810 

n-butanol 

0 .560 

0 . 588 

0 . 596 

0 .573 

Water 

0.620 

0.600 

0 . 700 

0 .890 

Others 

0.633 

0 .601 

0.639 

0.613 

Total 

100 . 00 

100 . 00 

100. 00 

100 . 00 


Example 13 

A mixture containing ethanol, water, ethyl acetate and 
other components was distilled in a continuous feed laboratory 
distillation apparatus having the general layout of columns 4 0 
and 52 of Figure 1, except that line 51 received condensate 
from line 50, rather than a side draw stream from an outlet 
positioned somewhat lower in column 40. A bleed of 0 2 -free 
nitrogen was supplied to column 40 so as to ensure that oxygen 
was excluded from column 4 0 in order to prevent oxidation of 
any oxygen- sensitive components in the feed in line 39 such as 
aldehydes . Hence column 4 0 was operated at a few millibars 
over atmospheric pressure. The feed to column 3 0 was vaporised 
in a stream of 0 2 -free nitrogen prior to introduction into 
column 40. The reflux temperature in column 40 was 64°C, the 
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overhead temperature was 72 °C and the temperature at the bottom 


operating pressure in column 52 was 12.4 bar (1.24 x 10 6 Pa 


temperature was 153 °C and the boiler temperature was 204 °C. 
The reflux ratio was 2.8:1. The distillation column had 3 
thermocouples positioned near the top, at the mid point and 
near the bottom, the readings of which were 163°C, 180°C and 
180°C respectively. The results obtained are listed in Table 
5 in which amounts are in % by weight. 


of the column was 73 °C. 


The reflux ratio was 5:1. The 


gauge) . 


The overhead temperature was 16 0 °C, the reflux 
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TABLE 5 


Line No. 

39 

51 

41 

61 

53 

Ace t a 1 dehyde 

0 .009 

0.007 

0 .013 

0.446 


Methanol 

0 . 090 

0 .141 


0 .199 


Diethyl ether 

0.073 

0 . 113 


0 .226 


Ethanol 

57.626 

31.077 

96 .579 

71.382 

0. 064 

iso-propanol 

0.027 


0 .087 



Ethyl acetate 

40 .514 

68.021 

0 .018 

24 . 811 

99 . 890 

Butan-2-ol 

0.548 


1 .499 



n.-butanol 

0 . 192 

0.021 

0 .519 


0 . 010 

Ethyl butyrate 

0.117 


0 .307 



Butyl acetate 

0.136 


0 .358 



Water 

0 .550 

0.590 

0 .330 

2 . 920 

0 . 010 

"Light" unknowns 

0.020 

0 .029 


0.003 


"Heavy" unknowns 

0.098 

0.001 

0 .290 

0 . 013 

0 . 026 

Total 

100 . 00 

100.00 

100.00 

100 . 00 

100.00 


5 


10 


15 
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CLAIMS : 

1. A process for the production of ethyl acetate which 
comprises : 

(a) converting a C 2 feedstock comprising ethanol to ethyl 
5 acetate in an ethyl acetate production zone by a procedure 

selected from: 

( i) dehydrogenation, 

(ii) oxidation, 

(iii) reaction with acetaldehyde, and 

10 (iv) oxidation to acetaldehyde followed by the 

Tischenko reaction ; 

(b) recovering from the ethyl acetate production zone an 
intermediate reaction product mixture comprising hydrogen 
and liquefiable products comprising ethyl acetate, ethanol, 

15 and by-products containing reactive carbonyl groups ; 

(c) contacting at least a portion of the liquefiable 
products of the intermediate reaction product mixture with a 
selective hydrogenation catalyst in the presence of hydrogen 
in a selective hydrogenation zone maintained under selective 

20 hydrogenation conditions effective for selective 

hydrogenation of by-products containing reactive carbonyl 
groups thereby to hydrogenate said by-products selectively 
to hydrogenated by-products comprising corresponding 
alcohols; 

25 (d) recovering from the selective hydrogenation zone a 

selectively hydrogenated reaction product mixture comprising 
ethyl acetate, ethanol, hydrogen and hydrogenated by- 
products ; 

(e) distilling material of the selectively hydrogenated 
"3D reaction product mixture m one or more distillation zones 
so as to produce a first composition comprising 
substantially pure ethyl acetate and a second composition 
comprising ethanol and water; 
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(f) treating the second composition of step (e) to 
separate water therefrom and yield a third composition 
comprising ethanol with a reduced water content; and 

(g) recovering the third composition of step (f ) . 

5 2. A process according to claim 1, wherein in step (a) 

the C 2 feedstock is converted to ethyl acetate by a 
dehydrogenation procedure which comprises contacting a 
vaporous mixture containing ethanol and hydrogen with a 
dehydrogenation catalyst in a dehydrogenation zone 
10 maintained under dehydrogenation conditions effective for 
dehydrogenation of ethanol to yield ethyl acetate. 

3. A process according to claim 2, wherein the 
dehydrogenation conditions include use of an 

ethanol : hydrogen molar ratio of from about 1:10 to about 
15 1000:1, a combined partial pressure of ethanol and hydrogen 
of from about 3 bar (3 x 10 s Pa) up to about 50 bar (5 x 10 6 
Pa) , and a temperature in the range of from about 100 °C to 
about 260°C. 

4. A process according to claim 3, wherein the 

20 dehydrogenation conditions include use of a combined partial 
pressure of ethanol and hydrogen of at least about 6 bar (6 
x 10 s Pa) up to about 30 bar (3 x 10 6 Pa) . 

5. A process according to any one of claims 2 to 4, in 
which the dehydrogenation catalyst is a copper containing 

25 catalyst which comprises, before reduction, copper oxide on 
alumina . 

6. A process according to any one of claims 2 to 5, in 
which the rate of supply of the C 2 feedstock to the 
dehydrogenation zone corresponds to an ethanol liquid hourly 

00 space velocity (LHSV) — of from abmit OS hr 1 to about 1.0 

hr- 1 . 

7 . A process according to any one of claims 1 to 6 in 
which the selective hydrogenation conditions of step (c) 
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include use of a reaction product mixture : hydrogen molar 
ratio of from about 1000:1 to about 1:1, a combined partial 
pressure of the liquefiable products of the intermediate 
reaction product mixture and hydrogen of from about 5 bar (5 
5 x 10 5 Pa) to about 80 bar (8 x 10 6 Pa) , and a temperature in 
the range of from about 20 °C to about 160 °C. 

8. A process according to claim 78, in which the combined 
partial pressure of the liquefiable products of the 
intermediate reaction product mixture and hydrogen in step 

10 (c) is from about 25 bar (2.5 x 10 € Pa) to about 50 bar (5 x 
10 6 Pa) . 

9. A process according to any one of claims 1 to 8, in 
which the selective hydrogenation catalyst comprises a metal 
selected from nickel, palladium, platinum, ruthenium, 

15 rhodium and rhenium. 

10. A process according to claim 9, in which the catalyst 
comprises ruthenium on carbon. 

11. A process according to any one of claims 1 to 10, in 
which the rate of supply of liquefiable liquid products of 

20 the intermediate reaction product mixture to the selective 
hydrogenation zone corresponds to a liquid hourly space 
velocity (LHSV) of from about 0.5 hr _1 to about 2.0 hr" 1 . 

12. A process according to any one of claims 1 to 11, in 
which step (e) comprises supplying material of the 

25 selectively hydrogenated reaction product mixture to a first 
distillation zone maintained under distillation conditions 
effective for distillation therefrom of a first distillate 
comprising ethanol, water and ethyl acetate, recovering a 
first distillate comprising ethanol, water and ethyl acetate 

"30 from the first distillation zone and a bottom product 

comprising ethanol and water, supplying material of the 
first distillate to a second distillation zone maintained 
under distillation conditions effective for distillation 
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therefrom of a second distillate comprising ethanol, water, 
and ethyl acetate and so as to yield a substantially pure 
ethyl acetate bottom product, and recovering a substantially 
pure ethyl acetate bottom product from the second 
5 distillation zone. 

13. A process according to claim 12, in which the first 
distillation zone is operated at a pressure of less than 
about 4 bar (4 x 10 5 Pa) . 

14. A process according to claim 12 or claim 13, in which 
10 the first distillation zone is operated at a pressure of 

from about 1 bar (10 5 Pa) to about 2 bar (2 x 10 5 Pa) . 

15. A process according to any one of claims 12 to 14, in 
which the second distillation zone is operated at a pressure 
of from about 4 bar (4 x 10 s Pa) to about 25 bar (2.5 x 10 6 

15 Pa) . 

16. A process according to any one of claims 12 to 15, in 
which the second distillation zone is operated at a pressure 
of from about 9 bar (9 x 10 s Pa) to about 15 bar (1.5 x 10 6 
Pa) . 

20 17. A process according to any one of claims 12 to 16, in 

which the first distillate contains less than about 10 mol % 
water . 

18. A process according to any one of claims 12 to 17, in 
which an ethanol rich stream containing substantially all of 

25 the water in the selectively hydrogenated reaction product 
mixture is recovered from the bottom of the first 
distillation zone, while an overhead stream that contains 
w light" components present in the selectively hydrogenated 
reaction product mixture is recovered from the first 

-33 distillation gone, — and in which the first di s tillat e 

comprises a liquid draw stream which is recovered from an 
upper region of the first distillation zone and which 
comprises ethyl acetate, ethanol, water and minor amounts of 
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other components. 

19. A process according to claim 18, in which the liquid 
draw stream contains from about 4 0 mol % to about 55 mol % 
ethyl acetate, from about 1 mol % to about 6 mol % water, 

5 not more than about 1 mol % other components, and the 
balance ethanol . 

20. A process according to claim 19, in which the liquid 
draw stream contains about 45 mol % ethyl acetate, about 50 
mol % ethanol, about 4 mol % water and about 1 mol % other 

1 0 component s . 

21. A process according to any one of claims 18 to 20, in 
which the liquid draw stream is passed to the second 
distillation zone which is operated at a pressure of from 
about 4 bar (4 x 10 5 bar) absolute to about 25 bar (2.5 x 10 6 

15 Pa) absolute. 

22. A process according to claim 21, in which the bottom 
product from the second distillation zone contains from 
about 99.8 mol % to about 99.95 mol % ethyl acetate. 

23. A process according to any one of claims 20 to 22, in 
20 which the second distillate comprises the overhead stream 

from the second distillation zone and is returned to the 
first distillation zone. 

24. A process according to claim 23, in which the overhead 
stream from the second distillation zone contains about 25 

25 mol % ethyl acetate, about 68 mol % ethanol, about 6 mol % 
water, and about 1 mol % of other components. 

25. A process according to claim 23 or claim 24, in which 
the overhead stream from the second distillation zone is 
returned to the first distillation zone at a point above the 

"30 teed point or tne liquet ia£>le products or tne selectively 
hydrogenated reaction product mixture. 

26. A process according to any one of claims 18 to 25, in 
which in step (f) the ethanol rich stream recovered from the 
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bottom of the first distillation zone is subjected to 
treatment for the removal of water therefrom thereby to 
produce a relatively dry ethanol stream suitable for recycle 
to step (a) . 

5 27. A process according to any one of claims 1 to 26, in 
which the relatively dry ethanol stream of step (f) is 
recycled to step (a) . 

28. A process according to any one of claims 1 to 12, in 
which step (e) comprises extractive distillation with an 

10 extractive agent comprising polyethylene glycol and 

dipropylene glycol, diethylene glycol, or triethylene 
glycol . 

29. A process according to any one of claims 1 to 12, in 
which step (e) comprises extractive distillation in the 

15 presence of an extractive agent containing dimethyl 
sulphoxide . 



40 

ABSTRACT 
PROCESS 

Ethanol is dehydrogenated in the presence of hydrogen 
over a dehydrogenation catalyst, for example, a copper on 

5 silica catalyst. The liquefiable products present in the 
resulting intermediate reaction product mixture are 
selectively hydrogenated over a suitable catalyst, such as 
5% ruthenium on carbon, so as selectively to hydrogenate 
reactive carbonyl- containing by-products to the 

10 corresponding alcohols. Butan-2-one and n-butyraldehyde , 

which would otherwise cause difficulties in purification of 
the ethyl acetate product, due to the proximity of their 
boiling points to that of ethyl acetate, are thereby 
hydrogenated to 2-butanol and n-butanol respectively. A two 

15 stage distillation procedure is then used to purify the 

selectively hydrogenated product. The first distillation 
zone is typically operated at less than about 4 bar (4 x 10 5 
Pa) absolute, while the second distillation zone is 
typically operated at a pressure of from about 4 bar (4 x 10 5 

20 Pa) absolute to about 25 bar (2.5 x 10 6 Pa) . A first 

distillate of ethyl acetate, ethanol and water produced in 
the first distillation zone is redistilled in the second 
distillation zone, thereby producing a bottom product 
comprising, typically, from about 99.8 mol % to about 99.95 

25 mol % ethyl acetate and an overhead second distillate, which 
has a different composition from that produced in the first 
distillation zone and which is returned to the first 
distillation zone, preferably at a point above the feed 
point for the liquefiable products of the selectively 

~30 hydrogenated reaction product mixture. 


THIS PAGE BLANK (uspto) 




m 



THIS PAGE BLANK lusrco) 


